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1  Overview 

This  is  the  Final  Report  on  research  carried  out  under  Contract  DAAH-04-93-G-0027.  The 
period  of  the  contract  is  from  April  15,  1993  through  April  14,  1996.  The  research  is  part 
of  the  Joint  Services  Electronics  Program  (JSEP)  and  is  administered  by  the  U.S.  Army 
Research  Office.  The  report  is  concerned  with  basic  research  in  the  following  broad  areas  of 
electronics: 

•  Multidimensional  signal  processing, 

•  Optical  information  storage  and  processing, 

•  Electromagnetic  measurements. 

The  three  year  period  covered  by  the  contract  has  produced  significant  progress  in  all 
these  areas.  Detailed  discussion  of  progress  during  the  contract  period  is  given  in  the  three 
preceding  annual  reports.  This  report  lists  only  degrees  granted  and  publications  during  the 
contract  period.  The  main  topics  of  research  are  given  in  the  following  subsections  for  each 
of  the  three  main  areas  of  research. 

1.1  Research  in  Multidimensional  Signal  Processing 

During  the  past  three  years  the  research  in  this  area  has  been  carried  out  in  four  work  units. 
These  work  units  have  focused  on  multidimensional  signal  processing  and  modeling,  iterated 
function  systems,  stereo  image  processing,  morphological  (nonlinear)  signal  processing  sys¬ 
tems,  filter  banks,  and  array  processing.  Specific  research  topics  discrete-cosine  transforms, 
multidimensional  multirate  filter  banks,  motion  estimation  and  compensation  for  video  se¬ 
quence  analysis,  model-based  video  compression,  objective  quality  measures  for  assessing 
subjective  video  quality,  interpolation  of  video  sequences,  video  compression,  image  identifi¬ 
cation  and  restoration  in  the  frequency- wavelet  domain,  iterated  function  systems  in  image 
and  video  coding,  processing  and  coding  of  stereo  image  pairs,  image  segmentation  using  con¬ 
nected  filters,  template  matching  using  min/max  operations,  critical  morphological  sampling 
theorems,  morphological  filters  in  pyramid  image  coding,  time  varying  filter  banks,  resolution 
variant  filter  banks,  cosine  modulated  and  statistically  optimal  filter  banks,  complex  filter 
design,  the  angular  Fourier  transform,  hybrid  array  characterization,  multidimensional  sig¬ 
nal  processing  design  using  Mathematica,  and  many  more  topics  in  multidimensional  digital 
signal  processing. 

1.2  Research  in  Optical  Information  Storage  and  Processing 

In  the  optical  storage  and  processing  part  of  the  contract,  the  research  was  carried  out  in  two 
work  units  which  focused  on  the  design,  fabrication,  and  testing  of  devices  for  high-speed 
optical/electronic  information  processing  and  on  the  understanding  and  design  of  semicon¬ 
ductor  nanometer-scale  structures.  Specific  research  topics  include  rigorous  coupled  wave 
analysis  for  binary,  surface-relief,  and  multilevel  gratings;  subwavelength  grating  devices; 
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diffractive  waveguide  couplers;  optimization  of  waveguides  and  waveguide  sensors;  phase 
stability  of  liquid  crystals;  optimization  of  multilayer  integrated  optics  waveguides;  optical 
interconnect  technology  for  parallel  computation;  determination  of  energies  and  lifetimes 
of  bound  and  quasibound  states;  time  response  of  quantum  resonant  structures;  electron 
waveguides;  infrared  lasers  based  on  quasibound  electron  energy  levels;  quantum  transmit¬ 
tance  across  single  interfaces;  electron  grating  switch  and  broadcast  devices;  low-temperature 
scanning  tunneling  microscope  for  ballistic  emission  microscopy  and  spectroscopy;  and  many 
other  topics  related  to  optical  and  semiconductor  quantum  devices. 

1.3  Research  in  Electromagnetic  Measurements 

In  this  area  of  the  contract,  the  work  was  carried  out  in  two  work  units  that  focused  on 
electromagnetic  measurements  in  the  time  and  frequency  domains  and  on  near-  and  far-field 
antenna  measurements.  Specific  research  topics  in  this  area  include  pulse  excited  anten¬ 
nas,  ground  penetrating  radar,  circular  loop  antennas  with  coaxial  feed,  spherical  microwave 
holography  for  antenna  and  radome  diagnostics,  antenna  range  enhancement  and  compen¬ 
sation  and  many  other  topics  in  electromagnetic  modeling  and  measurement. 

1.4  Organization  of  Report 

The  next  section  gives  a  list  of  the  work  units  and  their  principal  investigators.  Following  that 
is  a  list  of  doctoral  degrees  awarded.  Twenty-one  Ph.D.  degrees  were  awarded  to  students 
who  were  supported  by  this  contract.  Thesis  topics  spanned  the  complete  range  of  topics 
covered  by  the  contract.  Finally,  the  last  section  consists  of  a  complete  lists  of  publications 
and  patents  that  resulted  from  the  research  during  the  period  of  the  contract. 
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2  Work  Units  and  Principal  Investigators 

Work  Unit  One:  Multidimensional  Digital  Signal  Processing  and  Modeling 
Principal  Investigator:  Russell  M.  Mersereau,  Regents’  Professor 

Work  Unit  Two:  Iterated  Function  Systems  and  Stereo  Image  Processing 
Principal  Investigator:  Monson  H.  Hayes,  Professor 

Work  Unit  Three:  Morphological  Systems  for  Multidimensional  Signal  Processing 
Principal  Investigator:  Ronald  W.  Schafer,  Institute  Professor 

Work  Unit  Four:  Multidimensional  Time- Frequency- Wavenumber  Representations 
Principal  Investigators:  James  H.  McClellan  and  Mark.  J.  T.  Smith 

Work  Unit  Five:  Optical  Devices  for  Information  Processing 
Principal  Investigators:  E.  N.  Glytsis  and  T.  K.  Gaylord 

Work  Unit  Six:  Semiconductor  Quantum  Wave  Devices 

Principal  Investigators:  T.  K.  Gaylord  and  E.  N.  Glytsis 

Work  Unit  Seven:  Electromagnetic  Measurements  in  the  Time-  and  Frequency- Domains 
Principal  Investigator:  Glenn  S.  Smith 

Work  Unit  Eight:  Microwave  Holography  in  Near-  and  Far-Field  Measurements 
Principal  Investigator:  Edward  B.  Joy 

3  Degrees  Awarded 

1.  Thomas  R.  Gardos  -  Ph.D,  June  1993 

Thesis  Title:  Analysis  and  Design  of  Multidimensional  FIR  Filter  Banks, 

2.  Stephen  A.  Martucci  -  Ph.D.,  June  1993 

Thesis  Title:  Symmetric  Convolution  and  the  Discrete  Sine  and  Cosine  Transforms: 
Principles  and  Applications, 

3.  G.  Vines  -  Ph.D.,  June,  1993 

Thesis  Title:  Signal  Modeling  with  Iterated  Function  Systems 

4.  George  C.  Brown  -  Ph.D.,  June  1993 

Thesis  Title:  Angle  of  Arrival  Estimation  Utilizing  Hybrid  Arrays 

5.  Brian  L.  Evans  -  Ph.D.,  June  1993 

Thesis  Title:  A  Knowledge-Based  Environment  for  the  Design  and  Analysis  of  Multi¬ 
dimensional  Multirate  Signal  Processing  Algorithms 

6.  Gregory  N.  Henderson  -  Ph.D.,  September  1993 

Thesis  Title:  Semiconductor  Quantum  Electron  Wave  Transport,  Diffraction  and  In¬ 
terference:  Analysis,  Devices,  and  Measurement 
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7.  Jose  Crespo  -  Ph.D.,  December,  1993 

Thesis  Title:  Morphological  connected  filters  and  intra-region  smoothing  for  image  seg¬ 
mentation, 

8.  Daniel  W.  Wilson  -  Ph.D.,  March  1994 

Thesis  Title:  Optical  Waveguiding  in  Photorefractive  Crystals  and  Electron  Waveguid- 
ing  in  Semiconductor  Nanostructures 

9.  Mehdi  Khosravi  -  Ph.D.,  June  1994 

Thesis  Title:  Morphological  Approaches  to  Linear  Filter  Implementation  and  Template 
Matching 

10.  Donald  N.  Black  -  Ph.D.,  June  1994 
Thesis  Title:  Test  Zone  Field  Compensation 

11.  Ali  Adibi  -  M.S.,  September  1994 

Thesis  Title:  Design  of  Infrared  Emitters  and  Detectors  based  on  Quasibound  States 
in  Semiconductor  Quantum  Structures 

12.  Iraj  Sodagar  -  Ph.D.,  December  1994 

Thesis  Title:  Analysis  and  Design  of  Time  Varying  Filter  Banks 

13.  J.  Huang  -  Ph.D.,  March  1995 

Thesis  Title:  Motion  Estimation  and  Compensation  for  Video  Image  Sequences, 

14.  Lina  J.  Karam  -  Ph.D.,  March  1995 

Thesis  Title:  Design  of  Complex  Digital  FIR  Filters  in  the  Chebyshev  Sense, 

15.  Richard  Rau  -  M.S.,  March  1995 

Thesis  Title:  Correction  of  the  Proximity  Effect  in  Nanolithography 

16.  K.  L.  Shlager  -  Ph.D.,  March  1995 

Thesis  Title:  The  Analysis  and  Optimization  of  Bow-Tie  and  TEM  Horn  Antennas 
for  Pulse  Radiation  using  the  Finite- Difference  Time-Domain  Method 

17.  Carlos  C.  Davis  -  Ph.D.,  December  1995 

Thesis  Title:  Iterative  Algorithms  for  the  Reconstruction  of  Multidimensional  Signals 
from  their  Projections, 

18.  Bauldine-Brunel  Paul  -  Ph.D.,  June  1995 

Thesis  Title:  Video  Compression  Based  on  Iterated  Function  Systems 


4  PUBLICATIONS 


5 


4  Publications 

4.1  Work  Unit  One:  Multidimensional  Digital  Signal  Processing 
and  Modeling 

1.  Thomas  R.  Gardos,  Analysis  and  Design  of  Multidimensional  FIR  Filter  Banks,  Ph.D. 
Thesis,  Georgia  Institute  of  Technology,  June  1993. 

2.  Stephen  A.  Martucci,  Symmetric  Convolution  and  the  Discrete  Sine  and  Cosine  Trans¬ 
forms:  Principles  and  Applications,  Ph.D.  Thesis,  Georgia  Institute  of  Technology, 
May  1993. 

3.  D.  Y.  Suh,  R.  M.  Mersereau,  R.  L.  Eisner,  and  R.  I.  Pettigrew,  “Knowldege-based 
system  for  boundary  detection  of  four-dimensional  cardiac  magnetic  resonance  image 
sequences,”  IEEE  Trans.  Medical  Imaging,  vol.  12,  No.  1,  pp.  65-72,  March  1993. 

4.  J.  Huang  and  R.  M.  Mersereau,  “Contour-based  hybrid  displacement  estimation  for 
image  sequence  compression,”  Proc.  1993  IEEE  Int.  Conf.  Acoustics,  Speech,  Signal 
Processing,  vol.  5,  pp.  433-436. 

5.  F.  J.  Malassenet,  “Texture  coding  using  a  pyramid  decomposition,”  Proc.  1993  IEEE 
Int.  Conf.  Acoustics,  Speech,  Signal  Peocessing,  vol.  5,  pp.  352-356. 

6.  S.  A.  Martucci  and  R.  M.  Mersereau,  “The  symmetric  convolution  approach  to  the 
nonexpansive  implementation  of  FIR  filter  banks  for  images,”  Proc.  1993  IEEE  Int. 
Conf.  Acoustics,  Speech,  Signal  Processing,  vol.  5,  pp.  65-68. 

7.  S.  A.  Martucci  and  R.  M.  Mersereau,  “New  approaches  to  block  filtering  of  images 
using  symmetric  convolution  and  the  DST  and  DCT,”  Proc.  1993  IEEE  Int.  Symp. 
Circuits  Systems,  pp.  259-262. 

8.  S.  A.  Martucci,  “Symmetric  Convolution  and  the  Discrete  Sine  and  Cosine  Trans¬ 
forms,”  IEEE  Trans.  Signal  Processing,  vol.  42,  pp.  1038-1051,  May  1994. 

9.  S.  J.  Reeves,  “Optimal  Space- Varying  Regularization  in  Iterative  Image  Restoration,” 
IEEE  Trans.  Image  Processing,  vol.  3,  pp.  319-324,  May  1994. 

10.  J.  Huang  and  R.  M.  Mersereau,  “Multi-Frame  Pel-Recursive  Motion  Estimation  for 
Video  Image  Interpolation,”  Proc.  199 4  IEEE  Int.  Conf.  Image  Processing,  vol.  2, 
pp.  267-271. 

11.  C.  C.  Davis,  Iterative  Algorithms  for  the  Reconstruction  of  Multidimensional  Signals 
from  their  Projections,  Ph.D.Thesis,  Georgia  Institute  of  Technology,  Nov.  1995. 

12.  J.  Huang,  Motion  Estimation  and  Compensation  for  Video  Image  Sequences,  Ph.D. 
Thesis,  Georgia  Institute  of  Technology,  March  1995. 
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13.  K.  K.  Truong  and  R.  M.  Mersereau,  Vector  Quantization  Video  Encoder  using  Hierar¬ 
chical  Cache  Memory  Scheme,  U.S. Patent  #5,444,489,  Aug.  22,  1995. 

14.  S.  D.  Bayrakeri  and  R.  M.  Mersereau,  “A  new  method  for  directional  interpolation 
of  images,”  Proc.  1995  IEEE  Int.  Conf.  Acoustics,  Speech,  Signal  Processing,  vol.  4  , 
pp.  2383-2386. 

15.  F.  H.  Lin  and  R.  M.  Mersereau,  “A  constant  subjective  quality  MPEG,”  Proc.  1995 
IEEE  Int.  Conf.  Acoustics,  Speech,  Signal  Processing,  vol.  5,  pp.  433-436. 

16.  F.  H.  Lin  and  R.  M.  Mersereau,  “An  optimization  of  MPEG  to  maximize  subjective 
quality,”  IEEE  Int.  Conf.  Image  Processing,  vol.  2,  pp.  547-550. 

17.  J.  Huang  and  R.  M.  Mersereau,  “A  modified  gradient  inverse  filter  for  image  noise 
suppression,”  1995  Int.  Conf.  Signal  Processing  Applications  and  Technology. 

18.  T.  R.  Gardos,  K.  Nayebi,  and  R.  M.  Mersereau,  “Filter  bank  impulse  response  and 
the  equivalence  of  perfect  reconstruction  constraints,”  IEEE  Trans.  Image  Processing, 
accepted  for  publication. 

4.2  Work  Unit  Two:  Iterated  Function  Systems  and  Stereo  Image 
Processing 

1.  G.  Vines,  “Signal  Modeling  with  Iterated  Function  Systems,”  Ph.D.  Thesis,  Georgia 
Institute  of  Technology,  June 

2.  G.  Vines  and  M.H.  Hayes,  “Adaptive  IFS  image  coding  with  proximity  maps,”  Proc. 
1993  Int.  Conf.  on  Signal  Processing ,  pp.  V349-V352,  April  1993. 

3.  S.  Liu  and  M.H.  Hayes,  “Video  compression  using  quadtree  segmentation  and  compo¬ 
nent  equalization,”  Proc.  1993  Int.  Conf.  on  Signal  Processing ,  pp.  V429-V432,  April 
1993. 

4.  M.H.  Hayes  and  G.  Vines,  “Iterated  function  systems  for  image  coding:  A  tutorial,” 
(Invited  Paper),  Proc.  Bayona  Workshop  on  Adap.  Methods  and  Emergent  Techniques 
for  Sig.  Proc.  and  Comm.,  Bayona  Spain,  June  1993. 

5.  G.  Vines  and  M.H.  Hayes,  “Map  search  strategies  for  IFS  image  compression  algo¬ 
rithms,”  Quatorzieme  collogue  Gretsi  sur  le  traitment  du  signal  et  des  images,  Juan- 
Les-Pins,  FRANCE,  September  1993. 

6.  G.  Vines  and  M.H.  Hayes,  “Orthonormal  basis  approach  to  IFS  image  coding,”  Proc. 
IEEE  Multidim.  Sig.  Proc.  Workshop,  Cannes,  FRANCE,  September  1993. 

7.  M.H.  Hayes,  “Iterated  function  systems  for  image  coding:  an  orthonormal  basis  ap¬ 
proach”  ,  J.  Visual  Commun.  and  Image  Representation. 
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8.  G.  Vines,  “Iterated  Function  Systems  for  Image  Coding,”  (invited  chapter),  Springer- 
Verlag. 

9.  M.H.  Hayes  and  G.  Vines,  “IFS  image  coding  using  an  orthonormal  basis,”  to  appear 
in  Proc.  1994  International  Conference  on  Circuits  and  Systems,  June  1994. 

10.  H.  Aydinoglu  and  M.H.  Hayes,  “Data  compression  of  multi-view  images”,  1994  Int. 
Conf.  on  Image  Proc.,  Sept.  1994. 

11.  B.-B.  Paul  and  M.H.  Hayes,  “Fractal-based  compression  of  motion  video  sequences”, 
1994  Int-  Conf.  on  Image  Proc.,  Sept.  1994. 

12.  M.H.  Hayes  “IFS  image  and  video  coding”  (Invited  Tutorial  Paper),  Int.  Workshop 
on  Image  Processing:  Theory,  Methodology,  Systems  and  Applications,  June  1994, 
Budapest. 

13.  F.A.  Sakarya  and  M.H.  Hayes,  “A  Subspace  Rotation-Based  Technique  for  Estimating 
2-D  Arrival  Angles  Using  Nonlinear  Array  Configurations,”  IEEE  Trans.  Acoust., 
Speech,  Sig.  Proc.,  vol.  ASSP-42,  no.  2,  pp.  409-411,  Feb.  1994. 

14.  M.H.  Hayes,  “Iterated  Function  Systems  for  Image  and  Video  Coding,”  Journal  on 
Communications,  vol.  XLV,  pp.  11-19,  June  1994. 

15.  M.H.  Hayes  and  G.  Vines,  “IFS  Image  Coding  Using  an  Orthornormal  Basis,”  Proc. 
1994  Int.  Conf.  on  Circuits  and  Systems  vol.  2,  pp.  621-624,  June  1994. 

16.  H.  Aydinoglu  and  M.H.  Hayes,  “Compression  of  Multi-View  Images,”  Proc.  1994  Int. 
Conf.  on  Image  Proc.,  vol.  II, pp.  385-389,  Sept.  1994. 

17.  B.-B.  Paul  and  M.H.  Hayes,  “Fractal-Based  Compression  of  Motion  Video  Sequences,” 

1994  Int.  Conf.  on  Image  Proc.,  vol.  I,  pp.  755-759,  Sept.  1994. 

18.  Paul,  Bauldine-Brunel,  “Video  Compression  Based  on  Iterated  Function  Systems,” 
Ph.D.  Thesis,  Georgia  Institute  of  Technology,  July,  1995. 

19.  F.A.  Sakarya  and  M.H.  Hayes,  “Estimating  2-D  DOA  Angles  Using  Non-Linear  Array 
Configurations,”  IEEE  Trans,  on  Signal  Processing,  Sept.  1995. 

20.  H.  Aydinoglu  and  M.H.  Hayes,  “Stereo  Image  Coding”,  accepted  for  presentation  at 

1995  Int.  Conf.  on  Circuits  and  Systems,  May  1995. 

21.  H.  Aydinoglu,  F.  Kossentini,  and  M.H.  Hayes,  “A  new  framework  for  multiview  image 
coding”,  Proc.  1995  Int.  Conf.  on  Acoustics,  Speech,  and  Signal  Processing,  pp.  2173- 
2176,  May  1995. 

22.  B.-B.  Paul  and  M.H.  Hayes,  “Video  compression  based  on  iterated  function  systems”, 
Proc.  1995  Int.  Conf.  on  Acoustics,  Speech,  and  Signal  Processing,  pp.  2269-2272, 
May  1995. 
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23.  B.-B.  Paul  and  M.H.  Hayes,  “Performance  analysis  of  stereo  coding  algorithms”,  ac¬ 
cepted  for  presentation  at  1996  Int.  Conf.  on  Acoustics,  Speech,  and  Signal  Processing, 
May  1996. 

4.3  Work  Unit  Three:  Morphological  Systems  for  Multidimen¬ 
sional  Signal  Processing 

1.  J.  Crespo,  Morphological  connected  filters  and  intra-region  smoothing  for  image  seg¬ 
mentation,  Ph.D.  Thesis,  School  of  Electrical  and  Computer  Engineering,  Georgia 
Institute  of  Technology,  December,  1993. 

2.  L.  Hertz  and  R.  W.  Schafer,  “Measurement  of  Edge  Coincidence  in  Image  Threshold¬ 
ings,”  Journal  of  Visual  Communication  and  Image  Representation,  Vol.  4,  No.  2, 
June  1993,  pp.  149-156. 

3.  C.  H.  Richardson,  “The  representation  of  morphological  systems  and  meta-systems  for 
automatic  symbolic  manipulations,”  Proc.  1993  IEEE  Conf.  on  Acoustics,  Speech,  and 
Signal  Processing,  pp.  V-109-V-112,  April,  1993. 

4.  M.  Khosravi  and  R.  W.  Schafer,  “A  finite  max-min  representation  for  ILTI  filters,” 
Proc.  of  the  International  Workshop  on  Mathematical  Morphology  and  its  Applications 
to  Signal  Processing,  Barcelona,  Spain,  pp.  228-233,  May  1993. 

5.  J.  Crespo,  J.  Serra,  and  R.  W.  Schafer,  “Image  segmentation  using  connected  filters,” 
Proc.  of  the  International  Workshop  on  Mathematical  Morphology  and  its  Applications 
to  Signal  Processing,  Barcelona,  Spain,  pp.  52-57,  May  1993. 

6.  J.  Crespo  and  J.  Serra,  “Morphological  pyramids  for  image  coding,”  Proc.  SPIE, 
Boston,  November,  1993. 

7.  M.  Khosravi,  “Morphological  Approaches  to  Linear  Filter  Implementation  and  Tem¬ 
plate  Matching,”  Ph.D.  Thesis,  Georgia  Institute  of  Technology,  July,  1994. 

8.  M.  Khosravi  and  R.  W.  Schafer,  “Implementation  of  Linear  Digital  Filters  Based  on 
Morphological  Representation  Theory,”  IEEE  Trans,  on  Signal  Processing,  Vol.  42, 
No.  9,  September,  1994,  pp.  2264-2275. 

9.  J.  Crespo  and  R.  W.  Schafer,  “The  Flat  Zone  Approach  and  Color  Images,”  in  Math¬ 
ematical  Morphology  and  Its  Applications  to  Image  Processing,  J.  Serra  and  P.  Soille 
(Eds.),  Kluwer  Academic  Publishers,  1994,  pp.  85-92. 

10.  D.  A.  F.  Florencio  and  R.  W.  Schafer,  “Critical  Morphological  Sampling  and  its  Ap¬ 
plications  to  Image  Coding,”  in  Mathematical  Morphology  and  Its  Applications  to 
Image  Processing,  J.  Serra  and  P.  Soille  (Eds.),  Kluwer  Academic  Publishers,  1994, 
pp.  109-116. 
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11.  M.  Khosravi  and  R.  W.  Schafer,  “Template  Matching  Based  on  Rank  Order  Opera¬ 
tions,”  Proc.  IS&T/SPIE  Symposium  on  Electronic  Imaging  Science  and  Technology, 

San  Jose,  pp.  186-197,  February,  1994. 

12.  D.  A.  F.  Florencio  and  R.  W.  Schafer,  “Homotopy  and  Critical  Morphological  Sam¬ 
pling,”  Proc.  SPIE  Conf.  on  Visual  Communication  and  Image  Processing  ’94,  pp. 
97-109,  Chicago,  September,  1994. 

13.  D.  A.  F.  Florencio  and  R.  W.  Schafer,  “Decision-Based  Median  Filter  Using  Local 
Signal  Statistics,”  Proc.  SPIE  Conf.  on  Visual  Communication  and  Image  Processing 
’94,  pp-  268-287,  Chicago,  September,  1994. 

14.  D.  A.  F.  Florencio  and  R.  W.  Schafer,  “A  Non-Expansive  Pyramidal  Morphological 
Image  Coder,”  Proc.  IEEE  Int.  Conf.  on  Image  Processing  (ICIP-94),  Vol.  II,  pp. 
331-335,  Austin,  November,  1994. 

15.  M.  Khosravi  and  R.  W.  Schafer,  “Low  Complexity  Matching  Criteria  for  Image/Video 
Applications,”  Proc.  IEEE  Int.  Conf.  on  Image  Processing  (ICIP-94),  Vol.  Ill,  pp. 
776-780,  Austin,  November,  1994. 

16.  L.  Hertz  and  R.  W.  Schafer,  “Post-processing  of  Thresholded  Images  to  Maximize  Edge 
Coincidence,”  Journal  of  Visual  Communication  and  Image  Representation,  March, 

1995. 

17.  J.  Crespo,  J.  Serra,  and  R.  W.  Schafer,  “Theoretical  Aspects  of  Morphological  Filters 
by  Reconstruction,”  Signal  Processing ,  vol.  47,  pp.  201-225,  1995. 

18.  J.  Crespo,  J.  Serra,  and  R.  W.  Schafer,  “Graph-Based  Morphological  Filtering  and 
Segmentation,”  Proc.  VI  Simposium  Nacional  de  Reconocimiento  de  Formas  y  Analisis 
de  Imagenes,  Cordoba,  Spain,  April  1995. 

19.  D.  A.  F.  Florencio  and  R.  W.  Schafer,  “Post-Sampling  Aliasing  Control  for  Natural 
Images,”  Proc.  1995  Int.  Conf.  on  Acoustics,  Speech,  and  Signal  Processing  ( ICASSP - 
95),  Vol.  2,  pp.  893-896,  Detroit,  May,  1995. 

4.4  Work  Unit  Four:  Multidimensional  Time-Frequency- Wavenumber 
Representations 

1.  George  C.  Brown,  Angle  of  Arrival  Estimation  Utilizing  Hybrid  Arrays ,  Ph.D.  Thesis, 
Georgia  Institute  of  Technology,  May  1993. 

2.  Brian  L.  Evans,  A  Knowledge-Based  Environment  for  the  Design  and  Analysis  of  Mul¬ 
tidimensional  Multirate  Signal  Processing  Algorithms,  Ph.D.  Thesis,  Georgia  Institute 
of  Technology,  June  1993. 
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3.  I.  Sodagar,  T.  Barnwell,  K.  Nayebi,  and  M.  Smith,  “Perfect  reconstruction  multidimen¬ 
sional  filter  banks  with  time  varying  basis  functions  and  post  filtering,”  Proceedings  of 
the  Asilomar  Conference ,  October  1993. 

4.  I.  Sodagar,  T.  Barnwell,  K.  Nayebi,  and  M.  Smith,  “A  new  approach  to  time-varying 
filter  banks,”  Asilomar  Conference  on  Signals,  Systems,  and  Computers,  October  1993. 

5.  B.  L.  Evans,  H.  J.  Trussell,  and  J.  H.  McClellan,  “Investigating  signal  processing  theory 
with  MATHEMATICA,”  Proceedings  Int.  Conference  on  Acoustics,  Speech,  and  Signal 
Processing,  Vol.  1,  pp.  12-15,  April  1993,  Minneapolis,  MN. 

6.  L.  P.  Heck  and  J.  H.  McClellan,  “Subspace  techniques  for  large-scale  feature  selection,” 
Proceedings  Int.  Conference  on  Acoustics,  Speech,  and  Signal  Processing ,  vol.  4,  pp. 
17-20,  April  1993,  Minneapolis,  MN. 

7.  K.  A.  West  and  J.  H.  McClellan,  “Symbolic  convolution,”  IEEE  Transactions  on  Ed¬ 
ucation,  vol.  36,  no.  4,  Nov.  1993,  pp.  386-393. 

8.  B.  L.  Evans,  R.  H.  Bamberger,  and  J.  H.  McClellan,  “Rules  for  multidimensional 
multirate  structures,”  submitted  to  IEEE  Trans,  on  Signal  Processing,  April  1993.  To 
be  published  Vol.  42,  No.  4,  pp.  762-771,  April  1994. 

9.  Iraj  Sodagar,  Analysis  and  Design  of  Time  Varying  Filter  Banks,  Ph.D.  Thesis,  Georgia 
Institute  of  Technology,  November  1994. 

10.  B.  L.  Evans,  T.  R.  Gardos,  and  J.  H.  McClellan,  “Imposing  Structure  on  Smith  Form 
Decompositions  of  Rational  Resampling  Matrices” ,  IEEE  Trans,  on  Signal  Processing, 
vol.  42,  no.  4,  pp.  970-973,  April,  1994. 

11.  B.  L.  Evans,  R.  H.  Bamberger,  and  J.  H.  McClellan,  “Rules  for  Multidimensional 
Multirate  Structures”,  IEEE  Trans,  on  Signal  Processing,  vol.  42,  no.  4,  pp.  762-771, 
April,  1994. 

12.  L.  J.  Karam  and  J.  H.  McClellan,  “A  Multiple  Exchange  Remez  Algorithm  for  Complex 
FIR  Filter  Design  in  the  Chebyshev  Sense,”  1994  IEEE  International  Symposium  on 
Circuits  and  Systems,  May- June  1994. 

13.  L.  J.  Karam  and  J.  H.  McClellan,  “A  Combined  Ascent-descent  Algorithm  for  Complex 
Chebyshev  FIR  Filter  Design,”  28th  Annual  Princeton  Conference  on  Information 
Science  and  Systems,  March  1994. 

14.  B.  L.  Evans  and  J.  H.  McClellan,  “Algorithms  for  Symbolic  Linear  Convolution,”  Proc. 
of  IEEE  Asilomar  Conf.  on  Signals,  Systems,  and  Computers,  Pacific  Grove,  CA,  Oct. 
31  -  Nov.  2,  1994. 

15.  I.  Sodagar,  K.  Nayebi,  T.  P.  Barnwell,  and  M.  J.  T.  Smith,  “A  Novel  Structure  for 
Time- Varying  FIR  Filter  Banks,”  IEEE  International  Conference  on  Acoustics,  Speech, 
and  Signal  Processing,  Australia,  pp.  Ill  157-160,  April  1994. 
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16.  I.  Sodagar,  T.  P.  Barnwell,  and  M.  J.  T.  Smith,  “On  the  Statistical  Optimality  of  FIR 
Filter  Bank  Design,”  Proceedings  of  the  IEEE  DSP  Workshop,  Yosemite,  CA,  October 
1994. 

17.  L.  J.  Karam,  Design  of  Complex  Digital  FIR  Filters  in  the  Chebyshev  Sense,  Ph.D.  The¬ 
sis,  Georgia  Institute  of  Technology,  March  1995. 

18.  R.  Rau,  Correction  of  the  Proximity  Effect  in  Nanolithography,  M.S.  Thesis,  Georgia 
Institute  of  Technology,  March  1995. 

19.  M.  J.  T.  Smith  and  W.  Chung,  “Recursive  Time- Varying  Filter  Banks  for  Subband 
Image  Coding,”  Trans,  on  Signal  Processing ,  pp.  885-896,  July  1995. 

20.  L.  J.  Karam  and  J.  H.  McClellan,  “Complex  Chebyshev  Approximation  for  FIR  Filter 
Design,”  IEEE  Trans.  Circuits  and  Systems  II,  vol.  42,  no.  3,  pp.  207-216,  March  1995. 

21.  J.  Winograd  and  J.  H.  McClellan,  “How  to  Use  a  Computer-Algebra  System  for  Recon¬ 
struction  of  Functions  from  Parallel-Line  Projections,”  Computers  in  Physics,  vol.  9, 
no.  2,  March/April  1995,  pp.  156-163. 

22.  B.  Santhanam  and  J.  H.  McClellan,  “The  DRFT:  A  Rotation  in  Time-Frequency 
Space,”  Proc.  ICASSP-95,  Detroit,  MI,  vol.  1,  pp.  921-924.  May  1995. 

23.  A.  Saidi  and  J.  H.  McClellan,  “Root  Contours  for  Two-Dimensional  Prediction  Poly¬ 
nomials,”  1996  Inti.  Conf.  on  Acoustics,  Speech  and  Signal  Processing,  Atlanta,  GA, 
May  1996. 

24.  Karam,  L.  J.  and  J.  H.  McClellan,  “Efficient  Design  of  Families  of  FIR  Filters  by 
Transformation,”  1996  Inti.  Conf.  on  Acoustics,  Speech  and  Signal  Processing,  Atlanta, 
GA,  May  1996. 

25.  F.  Kossentini  and  M.  J.  T.  Smith,  “Image  Coding  Using  High-Order  Conditional 
Entropy-Constrained  Residual  VQ,”  IEEE  Int’l  Conference  on  Image  Processing,  Novem¬ 
ber  1994 

26.  Jin-Woo  Nahm  and  M.  J.  T.  Smith,  “A  SAR  Image  Data  Compression  Algorithm 
for  Clipping  Service  Applications,”  Proceedings  of  the  SPIE  Conference  on  Visual 
Communication  and  Image  Processing,  March  1996,  Orlando,  FL. 

27.  Sang-Il  Park,  R.  Murenzi,  and  M.  J.  T.  Smith,  “Multidimensional  Wavelets  for  Target 
Detection  and  Recognition,”  Proceedings  of  Wavelet  Applications  Conference  in  SPIE’s 
Int’l  Symposium  on  Aerospace/Defense  Sensing  and  Controls,  April  8-12,  1996 

28.  B.  L.  Evans  and  J.  H.  McClellan,  “Algorithms  for  Symbolic  Linear  Convolution,”  Proc. 
of  IEEE  Asilomar  Conf.  on  Signals,  Systems,  and  Computers,  Pacific  Grove,  CA,  Oct. 
31  -  Nov.  2,  1994. 
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29.  G.  Schuller  and  M.  J.  T.  Smith,  “A  General  Formulation  for  Modulated  Perfect  Re¬ 
construction  Filter  Banks  with  Variable  System  Delay,”  Proceedings  of  the  NJIT  94 
Symposium  on  Applications  of  Subbands  and  Wavelets,  pp.  27-34,  March  18,  1994. 

30.  G.  Schuller  and  M.  J.  T.  Smith,  “Efficient  Low  Delay  Filter  Banks,”  Proceedings  of  the 
IEEE  DSP  Workshop,  Yosemite,  CA,  October  1994. 

31.  I.  Sodagar,  T.  P.  Barnwell,  and  M.  J.  T.  Smith,  “On  the  Statistical  Optimality  of  FIR 
Filter  Bank  Design,”  Proceedings  of  the  IEEE  DSP  Workshop,  Yosemite,  CA,  October 
1994. 

32.  A.  Akansu  and  M.  J.  T.  Smith  (editors),  Subband  and  Wavelet  Transforms:  Design 
and  Applications,  Kluwer  Academic  Publishers,  May  1995. 

33.  M.  J.  T.  Smith,  “Subband  and  Wavelet  Transforms:  Introduction,”  Chapter  2.1,  ISCAS 
Tutorial  Book,  May  1995. 

34.  M.  J.  T.  Smith,  N.  Fliege,  A.  Akansu,  “Application  of  Subband  and  Wavelet  Transforms 
in  Signal  Processing,”  Chapter  2.7,  ISCAS  Tutorial  Book,  May  1995. 

4.5  Work  Unit  Five:  Optical  Devices  for  Information  Processing 

1.  E.  Anemogiannis,  E.  N.  Glytsis,  and  T.  K.  Gaylord,  “Optimization  of  integrated  optics 
waveguides  and  sensors,”  (Abstract),  Opt.  Soc.  Amer.  Annual  Meeting  Technical 
Digest  Series,  vol.  16,  pg.  36,  October  1993. 

2.  E.  N.  Glytsis,  T.  K.  Gaylord,  and  D.  L.  Brundrett,  “Rigorous  coupled-wave  analysis 
and  applications  of  grating  diffraction,”  SPIE  Critical  Reviews,  vol.  CR-49,  pp.  3-31, 
July  1993. 

3.  D.  L.  Brundrett,  E.  N.  Glytsis,  and  T.  K.  Gaylord,  “Homogeneous-layer  models  for 
high-spatial-frequency  dielectric  surface-relief  gratings:  conical  diffraction  and  antire¬ 
flection  designs,”  Appl.  Opt.,  vol.  32,  pp.  2695-2706,  1993. 

4.  N.  F.  Hartman,  T.  K.  Gaylord,  T.  J.  Drabik,  and  M.  A.  Handschy,  “Phase  stability  of 
ferroelectric  liquid  crystals  upon  repeated  switching  and  static  temperature  character¬ 
istics,”  Appl.  Opt.,  vol.  32,  pp.  3720-3725,  July  10,  1993. 

5.  E.  Anemogiannis,  E.  N.  Glytsis,  and  T.  K.  Gaylord,  “Efficient  solution  of  complex 
eigenvalue  equations  of  optical  waveguiding  structures,”  J.  Lightwave  Technol,  vol. 
12,  pp.  2080-2084,  December  1994. 

6.  E.  Anemogiannis,  E.  N.  Glytsis,  and  T.  K.  Gaylord,  “Optimization  of  multilayer  inte¬ 
grated  optics  waveguides,”  J.  Lightwave  Technol.,  vol.  12,  pp.  512-518,  March  1984. 

7.  J.  L.  Cruz-Rivera,  T.  K.  Gaylord,  E.  N.  Glytsis,  and  D.  S.  Wills,  “Applications- 
driven  optical  interconnect  development,”  (Abstract)  Optical  Society  of  America  An¬ 
nual  Meeting/ILS-X  Program,  pg.  80,  October  1994. 
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8.  M.  G.  Moharam,  E.  B.  Grann,  D.  A.  Pommet,  and  T.  K.  Gaylord,  “Formulation  for  sta¬ 
ble  efficient  implementation  of  the  rigorous  coupled-wave  analysis  of  binary  gratings,” 
J.  Opt.  Soc.  Amer.  A,  vol.  12,  pp.  1068-1076,  May  1995. 

9.  M.  G.  Moharam,  D.  A.  Pommet,  E.  B.  Grann,  and  T.  K.  Gaylord,  “Stable  implemen¬ 
tation  of  the  rigorous  coupled-wave  analysis  for  surface-relief  and  multi-level  gratings,” 
J.  Opt.  Soc.  Amer.  A,  vol.  12,  pp.  1077-1086,  May  1995. 

10.  J.  L.  Cruz-Rivera,  E.  V.  R.  DiBella,  D.  S.  Wills,  T.  K.  Gaylord,  and  E.  N.  Glytsis, 
“Parallelized  formulation  of  the  maximum  likelihood-expectation  maximization  algo¬ 
rithm  for  fine-grain  message-passing  architectures,”  IEEE  Trans.  Medical  Imaging, 
vol.  14,  pp.  758-762,  Dec.  1995. 

11.  S.  Moniri-Ardakani  and  E.  N.  Glytsis,  “Application  of  the  transmission  line  matrix 
(TLM)  method  to  the  analysis  of  slab  and  channel  optical  waveguides,”  Appl.  Opt., 
vol.  34,  pp.  2704-2711,  May  20,  1995. 

12.  M.  G.  Moharam,  T.  K.  Gaylord,  and  J.  R.  Leger,  “Diffractive  optics  modeling,”  J. 
Opt.  Soc.  Amer.  A,  vol.  12,  pg.  1026,  May  1995. 

13.  J.  R.  Leger,  M.  G.  Moharam,  and  T.  K.  Gaylord,  “Diffractive  optics:  An  introduction 
to  the  feature  issue,”  Appl.  Opt.,  vol.  34,  pp.  2399-2400,  May  10,  1995. 

14.  J.  L.  Cruz-Rivera,  D.  S.  Wills,  T.  K.  Gaylord,  and  E.  N.  Glytsis,  “Applications- 
driven  optical  interconnect  development,”  Advanced  Packaging  Materials  Conference, 
Atlanta,  Georgia,  February  1995. 

15.  D.  L.  Brundrett,  E.  N.  Glytsis,  and  T.  K.  Gaylord,  “Subwavelength  diffractive  optics 
structures  for  optical  switches,”  Advanced  Packaging  Materials  Conference,  Atlanta, 
Georgia,  February  1995. 

16.  D.  W.  Wilson,  P.  D.  Maker,  R.  E.  Muller,  E.  N.  Glytsis,  T.  K.  Gaylord,  and  W.  Sun, 
“Simulated  performance  of  diffractive  optical  elements  using  a  Helmholtz  equation 
solver,”  (Abstract)  Optical  Society  of  America  Annual  Meeting  Program,  pg.  91,  Sept. 
1995. 

17.  E.  N.  Glytsis,  D.  L.  Brundrett,  T.  K.  Gaylord,  E.  B.  Grann,  M.  G.  Moharam,  and 
D.  A.  Pommet,  “Modeling  and  characteristics  of  subwavelength  periodic  structures,” 
(invited)  (Abstract)  Optical  Society  of  America  Annual  Meeting  Program,  pg.  153, 
Sept.  1995. 

18.  J.  L.  Cruz-Rivera,  D.  S.  Wills,  T.  K.  Gaylord,  and  E.  N.  Glytsis,  “Architectural  design 
issues  for  optoelectronic  k-ary  n-cube  interconnection  networks,”  (Abstract)  Optical 
Society  of  America  Annual  Meeting  Program,  pg.  183,  Sept.  1995. 
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4.6  Work  Unit  Six:  Semiconductor  Quantum  Wave  Devices 

1.  G.  N.  Henderson,  T.  K.  Gaylord,  E.  N.  Glytsis,  E.  Anemogiannis,  L.  C.  West,  C. 
W.  Roberts,  and  M.  T.  Asom,  “Infrared  optical  transitions  to  above-barrier  states  in 
asymmetric  semiconductor  heterostructures,”  (Abstract)  Opt  Soc.  Amer.  Annual 
Meeting  Technical  Digest  Series ,  vol.  16,  pg.  53,  Oct.  1993. 

2.  G.  N.  Henderson,  T.  K.  Gaylord,  E.  N.  Glytsis,  E.  Anemogiannis,  L.  C.  West,  C. 
W.  Roberts,  and  M.  T.  Asom,  “Semiconductor  quantum  electron  wave  nanostructures 
for  infrared  lasers,”  Proc.  3rd  IEEE  International  Workshop  on  Photonic  Networks, 
Components  and  Applications:  Photonics  ’93,  pp.  124-131,  September  1993. 

3.  E.  Anemogiannis,  E.  N.  Glytsis,  and  T.  K.  Gaylord,  “Bound  and  quasibound  state 
calculations  for  biased/unbiased  semiconductor  quantum  heterostructures,”  IEEE  J. 
Quantum  Electron.,  vol.  29,  pp.  2731-2740,  Nov.  1993. 

4.  D.  W.  Wilson,  E.  N.  Glytsis,  and  T.  K.  Gaylord,  “Electron  waveguiding  characteristics 
and  ballistic  current  capacity  of  semiconductor  quantum  slabs,”  IEEE  J.  Quantum 
Electron.,  vol.  29,  pp.  1364-1382,  May  1993. 

5.  D.  W.  Wilson,  E.  N.  Glytsis,  and  T.  K.  Gaylord,  “Supermode  analysis  of  electron  wave 
directional  coupling  using  a  multilayer  waveguide  approach,”  J.  Appl.  Phys.,  vol.  73, 
pp.  3352-3366,  April  1,  1993. 

6.  G.  N.  Henderson,  L.  C.  West,  T.  K.  Gaylord,  C.  W.  Roberts,  E.  N.  Glytsis,  and 
M.  T.  Asom,  “Optical  transitions  to  above-barrier  quasibound  states  in  asymmetric 
semiconductor  heterostructures,”  Appl.  Phys.  Letts.,  vol.  62,  pp.  1432-1434,  March 
22,  1993. 

7.  G.  N.  Henderson,  T.  K.  Gaylord,  E.  N.  Glytsis,  E.  Anemogiannis,  L.  C.  West,  C. 
W.  Roberts,  and  M.  T.  Asom,  “Nanostructure  optical  emitters  based  on  quasibound 
electron  energy  levels,”  Microelectronics  J.,  vol.  24,  pp.  805-816,  December  1993. 
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